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* NOTICES * 

Japan Patent Office is not responsible for any 
dcuaages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the method for cutting the 
gallium-nitride system compound semiconductor wafer with which a substrate consists of sapphire in 
the shape of a chip using DASHISIIINGUSO. 
[0002] 

Background of the Invention] A gallium-nitride system compound semiconductor (Ill-V group 
compound semiconductor which uses gallium nitrides, such as GaN, AlGaN, and InGaN, as the base) is 
mentioned to tlie present most promising thing as a semiconductor material used for semiconductor 
luminescence devices, such as blue, light emitting diode for ultraviolet (Light Emitting Diode), and laser 
diode (LD). For example, in blue light emitting diode, the thing of the output of several cds [cd] has 
resulted in practical use and commercial production, and sapphire is used as a substrate in this kind of 
semiconductor device. 

[0003] the cut of a semiconductor wafer [ in / the manufacturing process of a semiconductor device / 
generally J — facing — a dicing saw and a scribcr - business -****. The it as cut technology by dicing 
saw, the edge of a blade was using conventionally, and using flat thing as blade cut method is learned. 
By this method, as first shown in dr awing 4 (A), a cross section cuts [ the edge of a blade which is not 
illustrated ] the slot 33 on rectangular (henceforth a "rectangle slot") in the shape of a grid using a flat 
blade to one field (front face in which the semiconductor layer 36 was formed in drawing 4 (A)) of a 
wafer 32. then, the rear face of a wafer 32 to stress (PI and P2 show the stress applied to a wafer 32) — 
in addition, the wafer 32 concerned is pushed in the shape of a chip, and is broken 
[0004] However, when this method is applied to the wafer 32 with which a substrate 34 consists of 
SAFAIA, there are following un-arranging. That is, a sapphire crystal has weak cleavage and, moreover, 
its degree of hardness is high. For this reason, if a dicing saw is used for a wafer 32 and the rectangle 
slot 33 is cut As the chip dispersed during cutting of this rectangle slot 33 or it was shovra in drawing 4 
(A), the cut direction F is not pinpointed. A crack (crack which separated from the cutline) arises, or the 
configuration of the chip 36 cut as shown in dr awing 4 (B), (i), and (ii) becomes uneven, and the yield of 
a cut is not extremely low suitable for practical use. 

[0005] For this reason, conventionally, it faces cutting a gallium-nitride system compound 
semiconductor wafer in the shape of a chip, and the method of using a scriber, as shown in JP,6- 
283758,A is proposed. By this method, as shown in drawing 5 (A), silicon on sapphire 44 is ground 
thinly first, and the cross section of a predetennined pattern cuts the cutting slot (henceforth a "V 
character slot") 43 of V typeface with a scriber (needle with which a nose of cam consists of a diamond) 
41 to the rear- face side (side in which the semiconductor layer 45 is not formed) of a wafer 42. And as 
shown in draw ing 5 (B), it curves to a wafer 42 and stress is applied, and the wafer concerned is divided 
in the shape of a chip. However, also by this method, in case a wafer 42 is divided in the shape of a chip, 
there is un-arranging — a crack arises. 

[0006] Moreover, without a crack arising, if the press force of the above-mentioned needle is adjusted 
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appropriately, since the cross section of a cutting slot is V typeface and the cut direction is pinpointed, 
when a wafer 42 is thin, this method does not have a bird clapper as the configuration of the chip 
obtained is uneven. However, when silicon on sapphire 44 is thick, in case a wafer 42 is divided in the 
shape of a chip, a crack will arise. 

[0007] In order to cancel this un-arranging, the cut method which combined a scriber and dyne 
SHINGUSO as shown in JP,5-315646,A is also proposed. By this method, as shown in draw i ng 6 , slot 
53a is cut with the dicing saw which is not illustrated probably in the depth (preferably 5 - 10% of 
thickness of silicon on sapphire) which reaches silicon on sapphire from the front-face side (side in 
which the semiconductor layer 55 is formed) of a wafer 52. Scribe slot 53b is formed in the base of this 
slot 53a with the scriber which is not illustrated after this, and the wafer 52 is divided in the shape of a 
chip. A wafer 52 can be divided in the shape of a chip, without spoiling the crystallinily of the 
semiconductor layer 55 formed on silicon on sapphire according to this method. However, since the 
process which cuts slot 53a with a dicing saw, and the process which cuts scribe slot 53b with a scriber 
are needed, there are problems, like the number of processes increases. 

[0008] Furthermore, as shown in JP,60-21 1 858,A, how to carry out full cutting of the wafer concerned 
from both sides of a wafer by dyne SHINGUSO is also learned. By this method, as shown in drawing 7 , 
the 1st blade which is not illustrated is used. To the rear- face side (side in which the semiconductor layer 
65 is not formed) of a wafer 62, in the depth more than the half of the thickness of silicon on sapphire 64 
With the 2nd blade (thickness is thinner than the 1st blade) which cuts 1st slot (this drawing rectangle 
slot or V character slot, V character slot) 63a, and next is not illustrated, until it reaches slot 63a of the 
above 1 st from the front-face side of a wafer 2nd slot (this drawing rectangle slot or V character slot, V 
character slot) 63b is cut. However, a cutting time becomes long in order that this method may carry out 
full cutting of that cutting from both sides of silicon on sapphire 64 is needed, and the wafer 62 (that is, 
the push rate of a wafer is not performed). And there is a problem said that scattering of a chip arises or 
a crack arises in practice in the case of cutting of 2nd slot 63b. When one side tends to cut a wafer 62 
into the small chip which is about hundreds of micrometers, scattering of the above-mentioned chip and 
generating of a crack become remarkable, and stop especially, being suitable for practical use by this 
method. 
[0009] 

[Objects of the Invention] this invention is offering the method of cutting a gallium-nitride system 
compound semiconductor wafer with silicon on sapphire in the shape of a chip according to an easy 
process, using the dicing saw currently used conventionally. 
[0010] 

[Summary of the Invention] The technology which this invention person forms a slot in one field of a 
wafer with a dicing saw, pushes the wafer concerned, and is omitted comparatively more in the shape of 
a chip If a tool angle makes thickness of silicon on sapphire proper, using the thing of specific within the 
limits as a blade as a result of leaving common sense conventionally [ that a substrate cannot apply to 
the wafer which consists of sapphire ] and repeating an experiment Without also producing scattering of 
a chip, without a crack arising, knowledge that the above-mentioned wafer is made by cut for the chip of 
very small size was acquired, and this invention was completed. 

[001 1] A substrate consists of sapphire and the cut method of this invention namely, the gallium-nitride 
system compound semiconductor wafer whose basis board thickness is 50-450 micrometers It is the 
dicing method for cutting in the shape of a chip with a dicing saw. as a blade of the aforementioned 
dicing saw The rotation blade which makes V typeface whose tool angle (angle of an cdge-of-a-blade 
inclined plane when making a field perpendicular to FUREDO into criteria (0 degree)) is 30 degrees - 75 
degrees is used, with the aforementioned dicing saw It is characterized by pushing and dividing the 
aforementioned wafer only into one field of a wafer, after carrying out cutting formation of the V 
character slot at the shape of a grid. The slot formed in the shape of [ aforementioned ] a grid can be 
formed from 2 sets of straight-line groups which intersect perpendicularly, and the cut in alignment with 
the desired cutline can be ensured by making it one straight-line group become parallel to the a-axis of 
silicon on sapphire, in addition, you may be the configuration which various V character configurations 
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of the edge of a blade come out, have, and formed the inclined plane of the edge of a blade in the both 
sides of FUREDO, and may be the configuration fomied in one side 

[0012] By the cut method of the wafer of this invention, as mentioned above, the V character slot on the 
depth is suitably formed in one field of a wafer in the shape of a grid of a blade with the tool angle of the 
specific range, therefore ~ for example, a wafer front face turns into a curved surface — as ~ this wafer - 
- stress — adding (usually letting the field in which the V character slot was formed be the outside of the 
curved surface concerned) — stress concentrates on the pars basilaris ossis occipitalis of a V character 
slot, and a wafer is cut in the shape of a chip along a V character slot In this invention, since the dicing 
saw with a high controllability already used in the case of manufactures, such as Light Emitting Diode 
of red or yellow, is used, facility cost can be held down low, and moreover, equivalent [ in the field of 
working efficiency or the yield / to the conventional method using the scriber ] or the effect beyond it is 
acquired. 
[0013] 

[Embodiments of the Invention] Hereafter, the gestalt of desirable operation of this invention is 
explained with reference to a drawing. 

[0014] Drawing 1 (A) and (B) arc explanatory drawings at the time of using the blade by which the 
inclined plane of the edge of a blade was formed in both sides (in (A), (B) shows the plan for the front 
view seen from [ of a blade ] movement). In drawing 1 (A) and (B), the metallic thing excellent in 
abrasion resistance is used as a blade 1. According to the experiment, if the tool angle theta of a blade 1 
is smaller than 30 degrees, the width of face WG of the V character slot 3 becomes large too much, and 
when a wafer 2 is pushed and broken, the configuration of a chip 4 will become uneven. Moreover, if 
the above-mentioned tool angle is made larger than 75 degrees, although the width of face WG of the V 
character slot 3 will become narrow, production of such the edge of a blade is not easy. And such the 
edge of a blade has physical low intensity, a blade life is short and a bird clapper is expected. Moreover, 
a bird clapper is expected that it is easy to produce a crack to a wafer 2 depending on the rotational 
speed and traverse speed of a blade 1 . For this reason, the tool angle theta of FUREDO 1 is made into 30 
degrees - 75 degrees in this invention, what (it pushes and divides) it cuts a wafer 2 for in the shape of a 
chip by the very high yield in making a tool angle theta into 45 degrees - 60 degrees it can ** 

[0015] If cutting depth (namely, depth of V character slot 3 formed in silicon on sapphire 21) DG is too 
shallow, it caimot perform the cut in alignment with the desired outline. Moreover, while the width of 
face of the V character slot 3 becomes large, it may have a bad influence on the semiconductor layer 
which notch-like decay generating-came to be easy and was formed on silicon on sapphire 21 at the ** 
(edge) portion of the V character slot 3. For this reason, although cutting depth DG is based also on 
thickness T of silicon on sapphire 21 , it is desirable that it is 10 - 50% of the thickness. 
[0016] In addition, in dr awing 1 , of course, cutting of a V character slot can also be performed from a 
rear face, although carried out from the front face (near field in which the semiconductor layer 22 was 
formed) of a wafer 2. Moreover, when cutting a wafer 2, even if thickness T of silicon on sapphire 21 is 
too thick, a cut is not carried out as a desired cutline in the case of a push rate, but even if the above- 
mentioned thickness T is too thin, the crack which is not expected during V character cutting of a slot 3 
arises, or scattering of a chip 4 arises. As thickness T of silicon on sapphire 2 mentioned above as a 
blade 1, using what has the general thickness WB (about 200-micrometer thing), in being 100-450 
micrometers, the crack in alignment with the desired cutline L which it pushes, and a rate is made and is 
not expected during V character cutting of a slot 3 docs not arise, or scattering of a chip 4 does not arise. 

[0017] In addition, the press force of FUREDO 1 to a wafer 2 is suitably defined by the configurations 
(thickness WB, a path, the degree theta of edge of a blade, etc.) of a blade 1, and cutting conditions 
(rotational speed of a blade, traverse speed, etc.). 

[0018] Moreover, without ablation etc. arising, since the cut direction F is limited in the direction of a 
nose of cam of V characters, as shown in drawing 2 (front view seen from [ of a blade ] movement), 
without performing full cutting of a wafer 2, along with Cutline L, the wafer 2 concerned pushes and is 
broken by this invention (at drawing^2 , PI and P2 show the stress applied to a wafer 2). Therefore, 
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scattering of a chip 4 does not arise during V character formation of a slot 3, therefore one side can 
obtain the chip 4 of about 200-500 micrometers and very small size by the high yield (when a 
configuration is a square). In addition, as for the size (when it considers as a square, it is length [ of one 
side ] W of **) of a chip 4, it is desirable that it is larger than thickness T of the sapphire substrate 2. 
[0019] In addition, it can replace with the blade shown in drawing 1 (A) and (B), and blade 1' by which 
the inclined plane of the edge of a blade as shown in drawing 3 (front view seen from [ of a blade ] 
movement) was formed in one side can also be used. When this blade 1 ' is used, as shown in drawing 3 , 
cut direction F' is limited to the side in which the aforementioned inclined plane of FUREDO 1 ' is not 
formed. 
[0020] 
[Example] 

<Example 1> [silicon-on-sapphirc] 

The direction of a field; c shaft orientations, thickness (T);300-micrometer[semiconductor layer formed 
in silicon on sapphire] IGaN [a dicing saw] 

model; - the inclined plane of the product DDAC0630 and DAD320 made from DISCO, (diameter R) 
of blade;52mm, blade ** (WB);200micrometer, and the edge-of-a-blade configuration; edge of a blade - 
- both sides ~ formation and tool angle (theta); ~ 60 degrees [a dicing saw service condition] 
Blade rotational speed; 30,000rpm, blade traverse-speed;3.0 mm/sec [a V character slot] 
pattern; — the 450-micrometer tetragonal lattice from which consist of 2 sets of straight-line groups 
which intersect perpendicularly, and it was made for one straight-line group to become parallel to the a- 
axis of silicon on sapphire, and channel-depth (DG);1 10micrometer[0021 — ] The V character slot was 
formed in the wafer according to the above-mentioned conditions. In addition, on the occasion of cutting 
of a V character slot, the wafer carried out wax fixation at the predetermined film. Then, when cut by 
incurvating a wafer so that every above-mentioned film V character slot may become outside, the Light 
Emitting Diode chip of quality [ yield / about 70% of] (that is, a configuration is uniform in general) 
was able to be obtained. 

[0022] <Example 1 of comparison> The direction of a field of silicon on sapphire, thickness, and the 
semiconductor layer formed in silicon on sapphire presupposed that it is the same as an example 1 . 
Moreover, what has the flat edge of a blade of a blade was used for the dicing saw. The model, the 
diameter of a blade, etc. are the same as that of an example 1 . However, on the occasion of cutting of a 
wafer, the pitch was changed in a depth of 10 micrometers and the cutting process was repeated 
repeatedly. It was presupposed that the pattern of a slot (rectangle slot) is the same as an example 1 , 
[0023] When it cut into the wafer by forming a rectangle slot according to this condition, cracks 
occurred frequently at the wafer, and the configuration of the Light Emitting Diode chip with which it is 
obtained was also uneven, a cut side was not perpendicular, cither, and the yield was also 10% or less. 
[0024] 

[Effect of the Invention] As explained to the detail above, according to this invention, a gallium-nitride 
system compound semiconductor wafer with silicon on sapphire can be cut by the yield high in the 
shape of [ very small ] a chip according to an easy process, using the dicing saw currently used 
conventionally, 

[Translation done.] 
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